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FOREWORD 

This  publication  was  prepared  under  contract 
by  the  UNITED  STAITB'  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE,  a  federal  government  organi¬ 
zation  established  to  service  the  translation 
and  research  needs  of  the  various  government 
departments. 
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following  is  the  ti'anelation  of  an  article 
1‘e.  L, .Oefter  and  M.  I.  Kabachnik  in  Plas- 
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DicEloroenhydride  of  ^“-chloroethylphospbonic  acid 
;is  8  by-product  in  the  manufacture  of  chloroanhydride 
;and  the  esters  of  vinylphosponic  acid  and  also  in  the  re- j 
inforcing  of  phosphorus-containing  esters(l).  j  . 

The  following  methods  ar^e  known  for  producing  this' 
'compound:  1 

a)  the  treatment  of  di- ft.p’-chloroethyl  ester  of  I 

j^chloroetbylphosphonic .  acid  (BSKhK)  by  phosphorus  penta* 
‘chloride,  or  the  ■undistilled  product  of  ax-busovskaya  /  ?  7  i 
■isomerisation  of  tri- 1^, I* ,  B”-ch.loroethylphosphite  (tecE-| 
:nical  DlKhS)  s,t  150-160^  under  pressure( 2} .  _  i' 

b)  the  reaction  of  phosphox'us  trichloride,  dichlord- 

; ethane,  and  aliminum  chloride  with  the  subsequent  hydrolysis 
of  the  complex  formedCJ);  J 

c)  tbs  reaction  of  PCl^  with  ethylene  and  oxygen(4^. 

✓ 

For  producing  any  significant  amount  of  the  anhy¬ 
dride  of  ^-chioroethylphoBphonic  acid' the  second  method 
is  very  inconvenient,  and  the  third  yields  a  small  amount i 
of  the  desired  product.  Thus,  the  FCl^  treatment  of  the  | 

iproduct  of  the  ieoraerisation  of  tri-^,  ,  ^”-chloroethyl4 
phosphite  is  the  only  practical  method  of  producing  the  j 
dicbloroanhydride  of  ^-chloroethylphos-phonic  acid.  However, 
ithe  need  to  use  pressure  occasions  a  substantial  inconveny 
ience  into  the  process  of  obtaining  the  dicbloroanhydride 
in  large  quantities;  carrying  out  the  reaction  without  pres¬ 
sure,  however,  diminishes  the  yield  from  70  to  10-1 5  ^5  i 
land  requires  a  large  excess  of  PCl^  (which  is  extremely  i 

Lunpr  ofi  t  able-) '  ■  -by,  - 20- 22, :  . . . : _ : - - - ■ 


1  - 


Considering  the  foregoing,  we  studied  the  possibi¬ 
lity  of  producing  the  dichloroanhydride  of  ^chloroethyl- 
phosphonic  acid  with  satisfactory  yields,  without  the  use 
of  pressure. 

We  examined  two  basic  approaches: 

1.  Conversion  of  DEKhK  into  ^-chloroethylphosphonic 
acid  with  subsequent  treatment  of  the  acid  by  various 
chloroanhydride-forming  agents. 

2.  Conversion  of  DEKhK  into  the  chloroanhydride , 
bypassing  the  formation  of  ^-chloroethylphosphonic  acid. 

In  producing  ^-chloroethylphoaphonic  acid  it  became 
clear  that  DEKhK  hydrolyzes  upon  prolonged  boiling  v?ith 
concentrated  hydrochloric  acid  (treatment  by i aqueous  and 
alcoholic  solutions  of  alkali  for  this  purpose  is  not  suit¬ 
able,  as  is  well  known(5)).  However,  this  approach  is 
not  helpful  since  it  is  subsequently  necessary  to  distill 
off  from  the  acid  obtained  a  large  amount  of  v/ater  and  dis¬ 
solved  hydrochloric  acid. 

A  more  convenient  method  is  the  treatment  of  DEKhK 
(pure  or  technical)  by  di’y  hydrogen  chloride  at  14-0-160°. 
Here  the  ester  bonds  are  easily  broken,  the  dichloroethane 
formed  is  distilled  off,  and  there  remains  in  the  reaction 
vessel  ^-chloroethylphosphonic  acid; 

C1CH2CH2P0(0CH2CH2C1)2  +  2HC1  - -> 

- ^  C1CH2CH2P0(0H)2  +  2CICH2CH2CI 

Treatment  of  the  latter  with  thionyl  chloride,  phos¬ 
gene,  phosphorus  trichloride,  and  silicon  tetrachloride, 
which  have  been  successful  in  producing  chloroanhydride s 
of  carboxylic  acids(6,7)»  have  not  shown  a  positive  result. 
Only  the  action  of  00012  in  the  presence  of  catalytic  quan¬ 
tities  of  pyridine  has  resulted  in  some  chloroanhydride. 

In  all  the  other  remaining  instances  the  evolution  of  HCl 
has  been  observed,  hut  the  chloroanhydride  of  ^-chloro- 
ethylphosphonic  acid  has  not  been  formed.  The  conversion 
of  -chloroethylphosphonic  acid  into  its  chloroanhydride 
evidently  proceeds  through  a  stage  of  a  polymeric  anhydride: 
C1CEH2CH2P0(0H)2 - >  (ClCH2CH2P02)n  - >  CICH2CH2POCI2 

and  the  above-mentioned  relatively  weak  agents  in  practice 
form  only  the  first  stage  of  this  process. 

Treatment  by  phosphorus  pentachloride,  and  also  sim¬ 
ultaneous  reaction  of  phosphorus  trichloride  and  chlorine 
smoothly  converts  ^-chloroethylphosphonic  acid  into  its 
chloroanhydride  with  yields  of  up  to  80  %  of  the  theoretical: 
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ClCHgCHgPOCODg  +  2PC1^  — >  .  (2PClj  -f  2CI2)  | 

_ ^  CICH2CH2POCI2  +.  2POClj  +  2HC1  I 


Also  studied  has  been  the  possibility  of  a  direct 
[conyersion  of  BiaChK  into  the  Ichloroanhydride  of  ^chloro-r 
[ethylphosphonic  acid.  '  i  . r  i 

i  .  The  action  of  SiCl^,  (iOCl2»  PCij,»  and  SCClg  on 

I  DEKhK  at  various  temperatures  has  not  led  to  the  desired 
[result. 

I  The  action  of  phosphorus  pent  ©chloride  on  DEKhK 

iat  140-150°,  especially  in  the  presence  of  several  cata- 
llysts,  has  brought  about  a  sharp  increase  in  the  yields 
I  of  chloroanhydride  of  ^-chloroethylphosphonic  acid  from 
j  10-15  to  80  The  action  of  these  catalysts  on  the 
1  carbon  chain  is  well“knovm(8) ,  and  recently  these  have 
[been  patented  for  the  production  of  the  chloroanhydride 
I  of  vinylphosphonic  acid(9)« 

I  Of  considerable  important  is  the  order  of  steps 

in  carrying  out  this  reaction.  Heating  the  mixture  of  - 
I  DEKhK  and  POl^,  and  also  the  addition  of  DEKhK  to  PCl^ 

iat  different  temperatures  results  in  such  a  serious  insuf-- 
ificiency  that  the  evaporating  dichloroethane  —  to  the  ex- 
[tent  of  its  fortcation  —  and  the  evaporating  phosphorus 
! oxychloride  carry  off  with  them  a  considerable  amount  of 
I  phosphorus  pentachloride,vfhich  leaves  the  reaction  zone, 
i  Upon  the  gradual  introduction  of  PCl^  into  the 


iheated  DEKhK  with  a  small  addition  of  iron  chloride,  copp4r 
I  chloride,  aluminum  chloride,  and  others,  together  with 
; an  energetic  stirring  of  the  mixture,  all  of  the'‘^Clp  which 
I  enters  into  the  reaction  zone  interacts  with  DEKhK,  “^breai' 
jing  both  ester  bonds.  From  the  dichloroethane,  phosphorus 
i oxychloride ,  and  chloroanhydride  of  ^^-chloroethylphosphon^c 
[acid  that  are  formed,  the  first  two  components  are  mainly 
[distilled  off  in  the  course  of  the  reaction,  and  the  residue 
land  the  desired  product  are  separated  by  vacuum  distilla- 
^tion. ■  The  yield;  80  Instead  of  pure  DEKhK  the  dry 
product  of  the  isomerization  of  tri-^,  , j^”-ethylphosphlte 


may  be  used  in  the  reaction. 
!65“70 


Here  the  yield  stsmds  at 


The  attempt  to  use  in  place  of  phosphorus  pentachldr- 
iide^  phosphorus  trichloride  and  chlorine,  is  not  successful: 
[under  the  reaction  conditions  a  significant  amount  of  the 

PCI,  introduced  decomposes  with  the  evolution  of  yellow 

_ _ ^ _ _ * 
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Experimental  Part  ^ee  Not£7 

/l^ote;  L.  S,  Ludentsov  participated  in  t|ie  exper¬ 
imental  workj.7  ,  ' 

All  operations  in  the  production  and  isolation  of 
:  the  chloroanhydride  of  fl-chloroethylphosphonic  acid  must 
:  be  protected  from  moisture  in  the  air,  • 

^  The  constants  of  the  chlqroanhydride  obtained  and, 

'the  data  of  its  analysis  are ]cited  only  once  in  order  to 
i  avoid  repetitions,'  j 


Technical  ^chlorbethylphosphonic  acid 


An  excess  of  dry  hydrogen  ch3.oridew#h  passed  through 
5^0  g  of  technical  DEKhK,  The  process  Was  carried  out  at^ 
150-160'  with  Strong  agitation  of  the  reaction  mixture  , for 
a  period  of  ten  hours,  572  g  of  dichloroethane  was  col-i* 
lected  (theoretical  amount;  3%  g).  In  the  flask  305  g 
of  dry  ^-chloroethylphosphonic  acid  (according  to  theory 
|—  289  g)  was  left  behind  —  a  dark  viscous  liquid  with 
I  an  acid  number  751  (calculated  acid  number  is  776).* 

I  Chloroanhydride  of  (^-chloroethylphosphonic  acid 

j  ,  from  ^-chloroetbylphosphonic  acid  and  PCl^ 

I  a)  To  72  g  of  technical  §-chloroethylphosphoniO 

jacid  209  g  of  PCl^  was  gradually  a^ded;  the  addition  was 

i accompanied  by  heating  up  to  50-60°  and  a  profuse  evolution 
I  of  hydrogen  chooride.  The  reaction  was  heated  to  80°  ,  at 
iwhich  time  the  phosphorus  oxychloride vias  distilled  off, 
jand  the  residue  was  then  vacuum-distilled.  The  fraction  i 
[with  the  boiling-point  range  of  60-100°  (1,5-2  mm)  iWas 
jdistilled  once  more  and  64  gL(70  of  the  theoretical) 

I  of  the  dichloroanhydride  ofl5-chloroethylphosphonic  acid 
|was  obtained  with  a  b.  p,  «  78-80°  at  4  mm;  s  1.4992; 

{d?^  ss  1.5440,  The  literature  yalues(2);  b,  p,  «  68°  at 

[2  mm*,  n^  «  1.4977;  and  «  1,5430.  The  amount  of  hydro- 

ilyzable  chlorine  found  was  59,04  JiS.  C2H^0PClj.  The  cal- 

iculated  amount  of  hydrolyzable  chlorine  was  39  •!  5^* 
i  h)  Hydrogen  chloride  is^passed  for  six  hours  through 

155  g  of  pure  PEKhK  at  150-160°.  ;  The  yellow  li^Ui^  Obtained 
|with  an  acid  number  of  766  is  treated,  with  209  .^f  PCl^  , 

|as  in  the  preceding  experiment.  ^  75.g  (82  of  the  theore- 
itical)  of  the  dichloroanhydride  of  6-chloroethylphosphonic 
iacid  was  obtained.  ■:  ■, 


I  Chlotoanhydride  of  ^-chloroethylphosphoBic  acid  | 

I  from  |)-chloroethylphosph6nic  acid,  PCI-*  and  I 

I  chlorine  .'■’■■■  '  '  ■  ^  i 

I  To  a  mixture  of  72  s  of  technical  ^-chloroethyl-^  | 

I  phosphonic  acid  and  69  g  of  phosphorus  trichloride  a  streium 
]  of  dry  chlorine  was  passed  along* with  stirring  and  external 
j cooling,  maintaining  the  temperature  of  the  reaction  mixtl 
iture  at  45-55° »  The  excess  of  chlorine  was  displaced  by  ’ 
[carbon  dioxide  and  the  reaction  mixture  was  distilled  as  L 
[described  above,  6i  g  (67  %  of  the  theoretical)  of  the.  i 
!  chloroanhydride  of  ft-chloroethylphosphonic  acid  was  pro-  i 
iduced.  '  ■ "  ■  ■  i 

I  Chloroanhydride  of  %-chloroethylphosphonic  acid  ,  j 

from  6-chloroethylx>hosphonic  acid  and  thionyl  | 
chloride  ' '  ■  i 

' .  .1 
To  a  mixture  of  55  E  of  technical  ^-chloroethyl-  j 
j phosphonic  acid  and  1  g  of  pyridine  there  was  gradually  j 
[added  with  vigorous  agitation  100  g  of  thionyl  chloride | 
[the  reaction  mixture  temperature  was  kept  at  40-45®;  to  r 
[complete  the  reaction  the  mixture  was  heated  at  70-75®  for 
ione  hour,  and  then  the  volatile  fraction  was  distilled  and! 
[the  residue  was  then  vacuum-distilled.  21  g  (30.5  5^ ‘of  | 
[the  theoretical)  of  the  cblox'oanhydride  of  p-cb.loroethyl- i 
iphosphontc  acid  was  obtained.  There  remained  in  the  dis- | 
‘tillatioa  flask  a  large  amount  of  resinous  residue,  which j 
[decomposes  upon  further  heating.  ! 

i  ■  ■  ■  '  I 

I  Chloroanhydride  of  -chloroethylphosphonic  acid  i 

I  ‘  from  PSKhK  and  PCl^  | 

'  '  .  '  .  •  .  I 

I  .  To  a  mixture  heated  to  140-150  containing  68  g  of' 

ipure  DBEliK  and  0.9  g  of  water- free  iron  chloride  there  •  , 
iwas  gradually  added,  with  vigorous  stirring,  110  g  of  PCl^. 

[Thereupon,  the  dichlOroethane  and  phosphorus  oxychloride  I 
[formed  were  distilled  off.  Then  the  reaction  product  was! 
[vacuiim-distilled.  o  ^ 

The  fraction  with,  a  boiling-point  range  of  50“95°  i 
(2  mm)  was  distilled  once  again  and  yielded  36.4  g  (80  %  j 
:of  the  theoretical)  of  chloroanhydride  of  6-chloroethyl-  | 
[phosphonic  acid,  boiling  at  80-82®  (4  mm).  When  technical 
iDEKhK  (under  the  same  conditions)  was  used,  65  %  of  the  [ 
[chloroanhydride  was  produced,  .  [ 

I  When  copper  chloride  was  used  as,  the  catalyst  (with 

Itechnicai  DEKhK)  the  yield  of  the  product  desired  stood  at 


50-55  when  the  reaction  was  carried  out  without  a 

catalyst  the  yield  was  25“50  %  of  the  theoretical. 

Conclusions 


■  :  A  preparative  method  has  been  developed  for  obtain- 

*  ing  the  chloroan hydride  -  of  ^-chloroetbyli^hosphonic  acid 
without  the  use  of  pressure  and  with  yields  of  afproximately 
65-70  %  of  the  theoretical  when  the  technical  ^rade  of  the 
di-te^^’-chloroethyl  ester  of  ;  ^-chloroethylphosphonic  acid 
was  used?  and  with  yields  of  approximately  80  %  when  the 
pure  grade  was  eraployed.  ; 
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